Adequate electrical energy can guarantee long-term navigation for the autonomous underwater vehicle (AUV). Compared with the traditional wired charging method, wireless charging has the advantages of high security, simple operation and so on, and is more suitable for underwater application. In this paper, we study the efficiency of wireless power transmission (WPT) system in air and seawater. The transmission efficiency of wireless transmission system in air and seawater is compared with HFSS simulation. The reason of system efficiency decay is analyzed, which is helpful for the application of wireless power transmission technology in AUV.
INTRODUCTION
The vast majority of the earth is the sea, and the ocean contains a wealth of resources, how to detect, develop, use these resources has been the focus of research around the world. Artificial detection has the disadvantages of highly dangerous, high cost, and not persistent, while the AUV can solve these problems. In the case of sufficient power, AUV can continue to work in the sea. What's more, it has the advantages of high security, strong concealment, low cost, simple recovery and so on. Therefore, how to ensure power supply for the AUV is one of the keys to AUV. When the electromagnetic wave propagates in the sea water, it will produce eddy current loss, which will affect the efficiency of wireless energy transmission system. In this paper, HFSS simulation software is used to compare the working efficiency of the same coil in air and sea water. On this basis, the influence of transmission distance on the efficiency is studied.
In 2007, Yoshioka proposed an underwater wireless energy transfer scheme to power the underwater sensor, and its transmission power is about 180 mW [1] . Wang improves the efficiency of the underwater power transmission system by optimizing the number of turns of the transfer coil. The results show that the efficiency of wireless energy transmission system which using the optimized coils can reach 93%, and the transmission power can reach 400 W [2] . Shi analyzed the power loss problem of the wireless transmission system using the finite element method, and verified that increasing the input voltage can increase the efficiency of the system. Using his method, when the output power reaches 500 W, the efficiency can exceed 94% [3] . Li studied the influence of seawater pressure and noncoaxial alignments of transmission units on the transmission efficiency. The results show that the maximum efficiency of the electromagnetic coupler in the brine can reach 90%, and its transmission power can reach 400 W [4] . Hu uses a kind of the negative permeability metamaterials to optimize the system and proposes a new impedance matching method to improve the efficiency of underwater wireless power transmission system. The experimental results show that the average efficiency of the proposed method is able to reach as high as 53% [5] . There are some other people who have made some wireless energy transmission solutions, and they all have achieved good results [6] [7] [8] [9] [10] . In this paper, We have simulated efficiencies of the system in the air and seawater and compared them.
EFFICIENCY CALCULATION OF WPT SYSTEM Transmission Efficiency of WPT System in the Air
In general, in order to improve the transmission efficiency of the WPT system, the inductive reactance in the circuit should be minimized, and the inductive inductance in the circuit can be compensated by the series or parallel capacitor at both ends of the inductor. The appropriate matching capacitors can make the coils in a resonant state. When the coil is in a resonant state, the inductive reactance is zero.
When the transmitter circuit is compensated in series and is in resonant state, the voltage on the series compensation capacitor is offset from the sense voltage drop and the voltage requirement for the power supply is reduced. When using parallel compensation, the current flowing through the parallel compensation capacitor compensates for the reactive component of the current in the primary winding, thereby reducing the current requirement for the power supply; and the current does not flow through the switch tube and only within the resonant network. Therefore, in the case of the need for large current, the transmitter circuit parallel compensation method can greatly reduce the current in the inverter circuit switch pressure.
When the receiver circuit is matched in series, the voltage drop on the compensation capacitor and the secondary sense voltage drop are canceled. The receiver port of the series compensation is approximately equivalent to the voltage source, and the port voltage is not affected by the load resistance value. When the circuit is in a resonant state, the output voltage is independent of the load, this situation is suitable for applications where DC stabilized voltage is required. When the receiving circuit adopts the parallel resonance compensation, the current flowing into the compensation capacitor at the receiving end is canceled by the reactive component of the current in the inductor. The parallel receive port is approximately equivalent to the current source, and the port output current is not affected by the load resistance. So the output power of the load will be greatly improved. In the case of battery charging, the parallel compensation method should be used to achieve the constant current charging the battery.
Through the above analysis, we can see that the series, parallel resonant compensation can be equivalent to the voltage source, current source respectively. Considering the application of seawater scene, in this paper we only study the system efficiency of the compensation structure (Figure 1 ) of transmit circuit parallel -receive circuit in parallel (PP-SP). In order to calculate the efficiency expediently, we put the receiver circuit equivalent to a resistance of the launch circuit (Figure 2 ), so the efficient is:
Where P L and P in are represented separately receive power of Load R L and the total input power of the power, i 12 is the current flowing into Z r ,  is the ratio of the power consumed by load resistance R L to the total power of the receiving circuit; when the receiving circuit adopts the parallel compensation, there is:
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Transmission Efficiency of WPT System in the Seawater
According to the transmission model of the WPT system, the seawater medium 337 can be regarded as an impedance parallel to the primary and secondary coils. When the WPT system is working in the seawater environment, the loss on the circuit and coil remains unchanged compared with the situation in the air, an additional increase in the eddy current effect of the power loss, but the loss increases due to the eddy current effect. Thus, the power obtained by the load in the seawater is the difference between the power obtained in the air and the power generated by the eddy current:
Where, seawater P and eddy P represent the power obtained by the system load and the power loss of the eddy current in the seawater, respectively. air P represents the transmission efficiency of the system in the air. The transmission efficiency of the system in the air is defined as the ratio of the power obtained by the load to the total power of the power input:
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Therefore, in the case of constant input power, the system transmission efficiency in the seawater is: 
HFSS SIMULATION ANALYSIS
In this part, we use the three-dimensional electromagnetic simulation software HFSS to simulate the power transmission efficiency of WPT system in air and sea water respectively, and study the influence of transmission distance on system efficiency in two kinds of media.
The coil used for the simulation is wound around the copper wire, and the parameters are as follows in TABLE I, the coil outside the package with waterproof material (Figure 3 ). Transmission efficiencies in the air and seawater are simulated using 3D electromagnetic simulation software HFSS for different transmission distances. The simulation model of coil and system are shown in Figure 4 and Figure 5 From the simulation results we can see that with the increase of transmission distance, the transmission efficiency of the system is gradually reduced, that is because as the distance increases, the coupling coefficient between the transmission coil decreases, resulting in the reduction of efficiency. At the same time, we can find the efficiency of the system in the seawater is lower than that in the air at the same transmission distance, which is due to the loss of the eddy current effect of the seawater. What's more, the decay rate of efficiency is faster in the seawater, while gentle in the air. This is because when the transmission distance increases, the eddy current loss of seawater plays a leading role. However, when the distance increases to a certain extent (greater than 30 mm in this paper), the reduction of the coupling coefficient becomes the main factor affecting the efficiency. 
CONCLUSIONS
In this paper, the effect of eddy current loss of seawater on the efficiency of wireless power transmission system is studied. The transmission efficiency in the air and sea water at different distances is simulated respectively. The results show that transmission efficiency in seawater is lower and attenuation is faster. Therefore, in practical application, we should minimize the transmission distance of underwater wireless transmission system, reduce the seawater between the two transmission units by docking or other ways, in order to achieve the purpose of improving transmission efficiency. 
